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SELF-POSITIONING WIRELESS TRANSCEIVER SYSTEM AND METHOD 



The present invention relates generally to a method and apparatus for a 
transceiver system and more particularly, to a method and apparatus for extending the 
communication range of a source device using a self-positioning wireless transceiver 
system. 



The capabilities, features and functions of wireless communication devices 
have experienced tremendous growth in recent years. Devices such as cellular 
telephones, personal computers, laptops, pagers, personal digital assistants (PDAs) are 
routinely used to send and/or receive one or more different types of communication 
data such as for example, voice messages, text messages, image files, video files, and 
audio files. An increasing amount of communication data is exchanged via wireless 
communication paths. 

Advances in wireless communication technologies are permitting people to 
maintain increased levels of communication contact independent of their locations. 
Prior art communication technologies generally provide wireless communication links 
between communication devices via fixed communication network equipment. Fixed 
communication networks generally provide communication coverage of a defined 
area. For example, fixed communication networks for cellular communication 
devices typically include a plurality of base transceiver stations (BTSs) that provide 
communication coverage of a specific geographic area. The areas covered by such a 
communication network are typically divided into a number of smaller 
communication sites (cells) where each communication site is served by at least one 
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BTS. When a communication device, such as a cellular telephone, is within 

communication range of a particular BTS within the fixed communication network, a 

communication link can be established with a second communication device within 

the geographic area covered by the fixed communication network. However, if one or 

5 both of the communication devices move out of range of the fixed communication 

network, a communication link typically cannot be established or maintained between 

the two communication devices. 

Furthermore, a particular BTS within the fixed communication network may 

5j experience traffic overload conditions caused by an excessive number of 

£ 10 communication devices within a cell associated with the BTS attempting to create or 

B maintain communication links. Such traffic overload conditions may be temporary 

conditions that occur within a cell during events that attract large crowds of people, 

such as for example crowds in a stadium during a football game. While prior art 

transceivers may be manually positioned strategically to divert excessive traffic to 

15 alternate BTSs, the placement and removal of such transceivers often require time and 

labor. 

In addition, increased numbers of devices, such as laptops, often require 
temporary communication links to a local area network to permit the sharing of 
resources, such as for example shared databases or shared printing resources, during a 
20 business meeting or a conference. Typically the laptops are required to be within 

close proximity of a communication port to the established local area network or of a 
prior art transceiver that is specifically placed to create necessary communication 
links to the fixed local area network. Such prior art transceivers are often positioned 
manually to support necessary communication links. The use of such fixed 
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communication networks and/or strategically placed transceivers often require 

advance planning, time and labor. 

Also, at times, communication obstacles may interfere with the ability of a 
communication device to establish a wireless communication link with a desired 
communication device. While fixed communication network devices may be used to 
overcome obstacles in areas where communication links are frequently established, 
lower communication traffic areas may not have requisite network elements to 
overcome the communication obstacle. 

Thus there is a need for an apparatus and a method for creating a spontaneous 
temporary self-adjusting wireless communication network that is adapted to establish 
and/or maintain communication links between one or more communication devices. 

Brief Description of the Drawings 

FIG. 1 is a block diagram representation of a self-positioning wireless 
transceiver system in accordance with an embodiment of the present invention. 

FIG. 2 is a block diagram representation of a control unit of a self-positioning 
transceiver of FIG. 1. 

FIG. 3 is a block diagram representation of an example of a configuration of 
self-positioning transceivers positioned to overcome a communication obstruction in 
accordance with the principles of the present invention. 

FIG. 4 is a block diagram representation of an example of a configuration of 
self-positioning transceivers deployed in a "swarm" to create multiple communication 
paths between the source device and the destination device in accordance with the 
principles of the present invention. 

FIG. 5 is a block diagram representation of an example of a reconfiguration of 
the self-positioning transceivers of FIG. 4 as the communication distance between the 
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source device and the destination device is increased in accordance with the principles 
of the present invention. 

FIG. 6 is a block diagram representation of an example of a configuration of 
the self-positioning transceiver system to create an ad hoc network in accordance with 
5 the principles of the present invention. 

FIG. 7 is a block diagram representation of an example of a configuration of 
the self-positioning transceiver system to create a wide area network in accordance 
with the principles of the present invention. 

FIG. 8 is a block diagram representation of an example of a scanning 
10 configuration of the self-positioning transceiver system in accordance with the 
principles of the present invention. 

FIG. 9 is a flowchart illustrating a method of establishing a generally spherical 
scarming configuration in accordance with the principles of the present invention. 

FIG. 10 is a flowchart illustrating a method of creating a communication link 
15 ' between a source device and a destination device via the self-positioning wireless 
transceiver system in accordaj/ce with the principles of the present invention. 

FIG. 1 1 is a block diagram representation of examples of positions of self- 
positioning transceivers following the execution of various steps of the method of 
FIG. L0. 

20 k vnT FIG. 12 is a/flowchart illustrating a method of maintaining a quality 

communication link between the source device and the destination device as the 
source devic^moves away relative to the destination device in accordance with the 
principles pi the present invention. 
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FIG. 13>s a block diagram representation of examples of positions of self- 
positionipiftransceivers following the execution of various steps of the method of 

fig<i: 

FIG. 14 is /flowchart illustrating a method of accommodating the movement 
5 of a source device towards a destination device in accordance with the principles of 



the present/invention 
fcMlTC.15i 



is a block diagram representation of examples of relative positions of 
self-positioning transceivers, a source device and a destination device at various steps 
of the method,^ FIG. 14. 



10 J^a x FIG. 16 is a block diagram representation of a crossover configuration and of a 
shorter communication link created in response to the detection of the crossover 
configuration in^ccordance with the principles of the present invention. 



J^^^pos: 



FIG. 17 is a flowchart illustrating a method of retrieving deployed self- 



positioning transceivers in accordance with the principles of the present invention. 



FIG. 18 i^a flowchart illustrating an alternate method of retrieving deployed 
self-positi#mng transceivers in accordance with the principles of the present 



FIG. 19 is a/olock diagram representation of examples of relative positions of 
^ self-positioning/ransceivers, a source device and a destination device at various steps 
20 of the method of FIG. 18. 
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Detailed Description of the Preferred Embodiments 

Referring to FIG. 1, a self-positioning wireless transceiver system 100 
establishes a wireless communication path between a source device 102 and one or 
more destination devices 104 in accordance with an embodiment of the invention. 
The self-positioning wireless transceiver system 100 generally includes a plurality of 
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communicatively coupled self-positioning transceivers Tl, T2, T3 with the lead self- 
positioning transceiver Tl being directly communicatively coupled to the destination 
device 104. One or more communication links are created between the source device 
102 and the destination device 104 via one or more of the communicatively coupled 
self-positioning transceivers Tl, T2, T3. 

A dedicated control channel is used to transmit self-positioning transceiver 
specific operational data, while a payload channel is used to transmit communication 
data packets generated by the source device 102 and/or the destination device 104. 
Each self-positioning transceiver Tl, T2, T3 receives communication data packets 
from a source device 102, a destination device 104 or neighboring self-positioning 
transceivers Tl, T2, T3 depending on the direction of the communication path and the 
position of the self-positioning transceiver Tl, T2, T3 within the communication link. 
The self-positioning transceiver Tl, T2, T3 then transmits the received 
communication data packet to the source device 102, the destination device 104 or a 
neighboring self-positioning transceiver Tl, T2, T3, again based on the direction of 
the communication path and the position of the self-positioning transceiver Tl, T2, T3 
within the communication link. For example, in FIG. 1, the source device 102 may 
initiate the transmission of a communication data packet. The first self-positioning 
transceiver T3 receives the communication data packet and retransmits the data 
packet on a dedicated payload communication channel to the next self-positioning 
transceiver T2. The communication packet is received and retransmitted in this 
manner down the communication link until the communication data packet reaches 
the lead self-positioning transceiver Tl, which in turn communicates the 
communication data packet to the destination device 104. 
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The types of communication data exchanged between the source device 102 
and the destination device 104 via the self-positioning wireless transceiver system 100 
may be, but is not limited to, voice messages, text messages, image files, video files 
and audio files. Examples of source devices 102 and/or destination devices 104 may, 
for example, comprise cellular telephones, personal computers, laptops, pagers, 
personal digital assistants (PDAs), base transceiver stations (BTS), or any other type 
of device including functions for receiving and/or transmitting wireless 
communication data. 

The self-positioning wireless transceiver system 100 may be compatible with 
source devices 102 and destination devices 104 operating in accordance with at least 
one of several communication standards. These standards include analog, digital or 
dual mode communication system protocols such as, but not limited to, the Advanced 
Mobile Phone System (AMPS), the Narrowband Advanced Mobile Phone System 
(NAMPS), the Global Positioning System for Mobile Communication (GSM), the IS- 
55 Time Division Multiple Access (TDM A) digital cellular, the IS-95 Code Division 
Multiple Access (CDMA) digital cellular, CDMA 2000, the Personal Communication 
System (PCS), 3G, Frequency Division Multiple Access (FDMA) protocols and 
variations and evolutions of these protocols. 

The self-positioning transceivers Tl, T2, T3 may be adapted to operate in 
accordance with one of several short-range communication specifications. These 
short-range communication specifications include but are not limited to, Bluetooth 
specifications, the IEEE 802.1 1 family of specifications, and variations and evolutions 
of these communication protocols and specifications. 

Bluetooth is a computing and telecommunications industry specification that 
generally defines the manner in which two or more devices communicate with each 
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other using short-range wireless connections. An embodiment of the self-positioning 
wireless transceiver system 10, adapted to operate in accordance with Bluetooth 
specifications generally includes self-positioning transceivers Tl, T2, T3 that are 
typically equipped with a microchip transceiver that transmits and receives 
communication data in a previously unused frequency band of 2.45 gigahertz. Of 
course, the frequency band may vary depending on local regulations for individual 
countries. Each self-positioning transceiver Tl, T2, T3 used, is typically assigned a 
unique address such as for example, a 48-bit address in accordance with the IEEE 
802.1 1 standard. Communication links created between neighboring self-positioning 
transceivers Tl, T2, T3, a self-positioning transceiver T3 and the source device 102 
and/or a self-positioning transceiver Tl and the destination device 104 may, in 
accordance with Bluetooth technology, comprise point-to-point or multipoint 
communication links. The wireless communication range for the self-positioning 
transceivers Tl, T2, T3 is typically approximately ten meters, however, the use of 
alternative wireless communication ranges are also considered to be within the scope 
of the invention. Communication data packets may be exchanged between 
neighboring communication devices, such as the source device 102, neighboring self- 
positioning transceivers Tl, T2, T3 and/or the destination device 104 at a 
communication data transmission rates of approximately one megabit per second or as 
high as approximately two megabits per second, when using second generation 
technologies. Frequency hop schemes may be employed to permit the self- 
positioning transceivers Tl, T2, T3 to communicate with each other in areas with 
relatively high levels of electromagnetic interference. Built-in encryption and 
verification protocols, as are well known to one skilled in the art, may also be 
incorporated. 
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The IEEE 802.1 1 is a family of specifications currently including four 
specifications, 802.11, 802.11a, 802.11b and 802. llg. An embodiment ofthe self- 
positioning wireless transceiver system 10, adapted to operate in accordance with the 
IEEE 802.1 1 family, typically employs Ethernet protocol and carrier sense multiple 
access with collision avoidance (CSMA/CA) path sharing applications. The self- 
positioning wireless transceiver system 10 generally includes self-positioning 
transceivers Tl, T2, T3 that are typically equipped with a microchip transceiver that 
transmits and receives communication data in a previously unused frequency band of 
2.45 gigahertz. Of course, the frequency band may vary depending on local 
regulations for individual countries. An embodiment of the self-positioning wireless 
transceiver system 10, adapted to operate in accordance with the 802.1 la 
specifications generally operates at radio frequencies ranging from approximately five 
gigahertz to approximately six gigahertz. Under the 802.1 la standard, the use of an 
orthogonal frequency-division multiplexing (OFDM) modulation scheme enables the 
exchange of communication data packets between neighboring self-positioning 
transceivers Tl, T2, T3, between a self-positioning transceiver and the source device 
102 or the destination device 104 at communication data transmission rates, such as 
but not limited to, approximately six megabits per second, approximately twelve 
megabits per second, approximately twenty- four megabits per second or even at 
communication data transmission rates as high as approximately fifty-four megabits 
per second. 

An embodiment of the self-positioning wireless transceiver system 1 0, adapted 
to operate in accordance with the 802.1 lb standard, employs a complementary code 
keying (CCK) modulation scheme. The use ofthe CCK modulation scheme typically 
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supports relatively high communication data transmission rates between with reduced 
susceptibility to multipath-propogation interference. 

An embodiment of the self-positioning wireless transceiver system 1 0, adapted 
to operate in accordance with the 802.1 lg standard, permits communication data 
transmissions over relatively short distances at communication data transmission rates 
of up to approximately 54 megabits per second. Alternate embodiments of the self- 
positioning wireless transceiver system 100 may operate in accordance with infrared 
and/or ultrasonic communication standards and protocols as are known to one skilled 
in the art. 

Referring to FIG. 2, each self-positioning transceiver T generally includes a 
mobility mechanism 201 that permits the self-positioning transceiver T to adjust its 
own position as necessary to create and/or maintain a particular communication link. 
Examples of mobility mechanisms include, but are not limited to, radio-controlled 
land-craft, aircraft, and watercraft. Alternative types of mobility mechanisms 201, 
such as those that hover, swim, crawl or reposition themselves using other forms of 
attitude control and mobility, are considered to be within the scope of the invention. 
Of course mobility mechanisms, such as those that are responsive to signals 
transmitted and received via infrared or ultrasonic frequency channels are also 
considered to be within the scope of the invention. 

The mobility mechanism 201 is generally equipped with a control unit 200. 
The control unit 200 includes a processor 202, a memory 204 including an operating 
system 206, positioning software 208, communications software 210, a positioning 
module 212, a communication module 214, a random access memory (RAM) 216 and 
an antenna 218. 
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The positioning module 212 is communicatively coupled to the processor 202 
and to the mobility mechanism 201 . During operation, the processor 202 employs the 
positioning software 208 to identify adjustments to the positions of the self- 
positioning transceivers Tl, T2, T3 relative to neighboring self-positioning 
transceivers Tl, T2, T3, the source device 102 and/or the destination device 104 based 
on signals received from such devices via the positioning module 212 in an attempt to 
optimize the quality of communication links between such devices. Based on 
identified adjustments, the processor 202 issues commands to the mobility mechanism 

201 to adjust the position of the self-positioning transceiver Tl, T2, T3. 

The communications module 214 typically includes a transceiver 220 and is 
communicatively coupled to the processor 202 and the antenna 218. The processor 

202 employs the communication software 210 to processes communication data 
signals received and transmitted via the antenna 218. 

The RAM 216 is communicatively coupled to the processor 202 and is 
generally used to maintain self-positioning transceiver specific operational data 
including one or more of, but not limited to, the number of neighboring self- 
positioning transceivers Tl, T2, T3, destination devices 104 within communication 
range of the wireless self-positioning transceiver system 100, communication link 
quality parameters relating to the quality of individual communication links with 
neighboring self-positioning transceivers Tl, T2, T3, the number of self-positioning 
transceivers Tl, T2, T3 necessary to communicatively link the source device 102 to 
different destination devices 1 04, aggregate communication link quality between the 
source device 102 and the destination device 104, parameters relating to the location 
of the self-positioning transceiver Tl, T2, T3 relative to the source device 102 and 
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directional data with reference to neighboring self-positioning transceivers Tl, T2, 
T3. 

The self-positioning wireless transceiver system 100 may be deployed using 
any one of a number of different methods. The self-positioning transceivers T may all 
be deployed at once by a user or automatically by a system as required to create 
and/or maintain desired communication links between source devices 102 and 
destination devices 104. The manner in which the self-positioning transceivers are 
deployed may vary for the different embodiments of the invention. 

In one embodiment, the self-positioning wireless transceiver system 100 is 
deployed by a user and specifically instructed to strengthen or establish a 
communication link between a source device 102 and a destination device 104 while 
the source device 102 is still within communication range to receive signals, including 
relatively weak signals, from the destination device 104. For example, the self- 
positioning wireless transceiver system 100 is instructed to maintain a communication 
link between a source device 102, such as a cellular telephone, and a destination 
device 104, such as a BTS within a cellular network, as the cellular telephone is 
moving out of communication range of the cellular network. In such cases, the self- 
positioning wireless transceiver system 1 00 is typically deployed while the source 
device 102 is still within communication range of the destination device 104. 

In an alternative embodiment, the self-positioning wireless transceiver system 
100 is deployed with instructions to search for a communication signal from a specific 
destination device 104 using a predefined search pattern. For example, referring to 
FIG. 3, an obstruction 300 prevents the exchange of communication signals between 
the source device 102 and the destination device 104. The self-positioning 
transceivers Tl, T2 are deployed and instructed to search for a communication signal 
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from the destination device 104 using a predefined search pattern. More specifically, 
in the illustrated example, one of the self-positioning transceivers T2 assumes a 
position within communication range of the source device 102 as a second self- 
positioning transceiver Tl moves along a generally vertical axis Al searching for a 
communication signal from the destination device 104 while maintaining a 
communication link with self-positioning transceiver T2. 

Referring to FIG. 4, an alternative embodiment is shown, where the self- 
positioning wireless transceiver system 100 is deployed in a "swarm" with the 
deployment of a significantly greater number of self-positioning transceivers T1-T12 
than necessary to support a single communication link between the source device 102 
and the destination device 104. A subset of the deployed self-positioning transceivers 
T4, T3, T2, Tl establish a primary communication link between the source device 102 
and the destination device 104. A subset of the remaining self-positioning 
transceivers T9, T8, T7, T6, T5 create one or more alternate communication paths 
between the source device 102 and the destination device 104. In the event that the 
primary communication path is disrupted as a result of, for example a self-positioning 
transceiver malfunction or a self-positioning transceiver loss, a communication link 
can immediately be reestablished between the source device 102 and the destination 
device 104 via one of the alternate communication paths. 

Furthermore, if one or both of the source device 102 and destination device 
104 are moving slowing with respect to each other, each of self-positioning 
transceivers T4, T3, T2, Tl within the "swarm" automatically repositions itself with 
respect to neighboring self-positioning transceivers T1-T4 to maintain the established 
primary communication link and if necessary create alternate communication paths. 
As the source device 102 and the destination device 104 move with respect to each 
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other, the self-positioning transceivers T1-T9 automatically reposition themselves 
with respect to each other to maintain a fairly uniform distribution of self-positioning 
transceivers T1-T9 based on the quality of individual communication links between 
neighboring self-positioning transceivers T1-T9. Maintaining uniformity in 
individual communication links generally promotes greater aggregate communication 
link quality between the source device 102 and the destination device 104. 

Referring to FIG. 5, in an alternative scenario, if for example, the source 
device 102 and the destination device 104 move a sufficient distant apart, additional 
self-positioning transceivers T10, Tl 1 may be required to lengthen the string of 
communicatively coupled self-positioning transceivers Tl 1, T10, T4, T3, T2, Tl 
necessary to extend the primary communication link from the source device 102 to 
the destination device 1 04. The increased distance between the source device 1 02 and 
the destination device 104 may also require the use of a greater number of self- 
positioning transceivers T12 to create alternate communication paths thereby 
requiring the automatic reconfiguration of the remaining self-positioning transceivers 
T12, T9, T8, T7, T6, T5 to create one or more communication paths between the 
source device 102 and the destination device 104. However, since fewer self- 
positioning transceivers T may be available to create alternative communication 
paths, it is possible that the reconfigured "swarm" may have a fewer number of 
alternative communication paths when compared to a previous self-positioning 
transceiver configuration. 

In another embodiment, as shown in FIG. 6, the self-positioning transceivers 
T1-T6 can be deployed, as needed, to create specific types of temporary networks. 
The self-positioning transceivers T1-T6 can automatically position themselves, for 
example, to create an ad-hoc or a "spontaneous" local area network 600 
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communicatively coupling one or more source devices 102a, 102b, 102c, such as for 
example, a plurality of laptops, to a local network with shared databases 602, 604 and 
printing resources 606, 608 via a destination device 104, such as a communication 
port, for the duration of a conference session. The self-positioning transceivers Tl, 
T2, T3 may be instructed to position themselves to create an individual pathway 
between the source device 102a and one or more destination devices 104. In an 
alternative embodiment, the self-positioning transceivers T4, T5, T6 may be 
instructed to create shared pathways communicatively coupling source devices 102b, 
102c to one or more destination devices 104. 

The self-positioning wireless transceiver system 100 can also be used to create 
a wide area network. For example, the self-positioning wireless transceiver system 
100 can be deployed to relieve congestion within a wireless cellular communication 
system during events, such as football games, that are expected to attract large crowds 
to a particular area. More specifically, referring to FIG. 7, source devices 1 02 or 
cellular telephones that would ordinarily establish a communication link with a 
wireless cellular communication system via a particular BTS 702, may not be able to 
do so under conditions where the number of cellular telephones attempting to connect 
with the wireless cellular communication system within a particular cell creates a 
traffic overload condition with respect to that BTS 702. The self-positioning 
transceiver system 100 can be deployed in anticipation of such a situation to create a 
communication path between the cellular telephones or source devices 102 present 
within the congested cell and an alternate BTS or destination device 104 that would 
normally be outside of the communication range of those source devices 102 thereby 
diverting cellular telephone traffic from the congested cell to an alternate cell serviced 
by the alternate BTS 104. 
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In yet another embodiment, shown in FIG. 8, a self-positioning wireless 
transceiver system 100 is deployed and instructed to maintain a scanning 
configuration 800 within communication range of the source device 102. When the 
need for the formation of a communication link between the source device 102 and a 
destination device 104 is detected, the self-positioning wireless transceiver system 
100 automatically reconfigures itself to establish a communication link between the 
source device 102 and the desired destination device 104. Typically the scanning 
configuration 800 comprises a generally spherical configuration of self-positioning 
transceivers T surrounding the source device 102. The scanning configuration 800 
typically increases the communication range of the source device 102 to a predefined 
communication range. When in a scanning configuration 800, a generally uniform 
distribution of a plurality of self-positioning transceivers T is created. 

Referring to FIG. 9, a method of establishing a generally spherical scanning 
configuration 900 with respect to a source device 102 begins at step 902 with the 
deployment of a plurality of self-positioning transceivers T. At step 904, each of the 
self-positioning transceivers T is assigned a rank associated with the number of 
"hops" that the self-positioning transceiver T is assigned to position itself away from 
the source device 102. The self-positioning transceivers T are generally positioned at 
different tiers within the spherical scanning configuration 800 where each tier is 
associated with the number of "hops" a self-positioning transceiver T is removed from 
the source device 102. A "hop" is generally defined as a direct communication link 
between two neighboring self-positioning transceivers (Tl, T2), (T2, T3) or a direct 
communication link between a self-positioning transceiver T3 and the destination 
device 104 or a direct communication link between the source device 102 and a self- 
positioning transceiver Tl. For example, referring to FIG. 8, the self-positioning 
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transceiver Tl is considered to be one "hop" away from the source device 102 while 
the self-positioning transceiver T2 is considered to be two "hops" away from the 
source device 102. The maximum number of "hops" within the spherical scanning 
configuration 800 generally defines the communication range of the self-positioning 
wireless transceiver system 100. 

At step 906, the self-positioning transceivers T generally position themselves 
in accordance with the assigned rank. For example, self-positioning transceivers T 
having a rank of one, such as for example self-positioning transceiver Tl, position 
themselves within communication range of the source device 102, self-positioning 
transceivers T having a rank of two, such as for example self-positioning transceiver 
T2, position themselves within communication range of at least one self-positioning 
transceiver T having a rank of one and so forth until all of the self-positioning 
transceivers T are in position. 

Then at step 908, the self-positioning transceivers T1-T12 having a common 
rank position themselves uniformly with respect to each other such that there is 
uniform communication link quality between neighboring self-positioning 
transceivers T1-T12 having a particular rank, such as for example between the self- 
positioning transceiver pairs (Tl, T4), (T4, T5). Each of the individual self- 
positioning transceivers T having a rank of two or greater position themselves to 
ensure that they are within communication range of one or more self-positioning 
transceivers T having a rank one less than their own rank at step 910. For example, 
each of the self-positioning transceivers having a rank of two (such as self-positioning 
transceiver T2) position themselves within communication range of one or more self- 
positioning transceivers having a rank of one (such as self-positioning transceiver Tl). 
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In one embodiment, if the self-positioning wireless transceiver system 100 

suffers the loss of a self-positioning transceiver T within an established primary 

communication link between a source device 102 and a destination device 104 

consisting of a set of self-positioning transceivers Tl, T2, T3, an alternate 

5 communication path can be created via an alternate set of self-positioning transceivers 

T4, Tl 3, T14 to reestablish the communication link. In an alternate embodiment, 

once the need to establish a communication link between the source device 102 and a 

destination device 104 is detected, redundant communication paths are automatically 

S created within the scanning configuration in the event the established or primary 

]E 10 communication link between the source device 102 and the destination device 104 is 

=~ 

fl disrupted. Furthermore, a greater number of self-positioning transceivers T may be 

U 

deployed than necessary to create the scanning configuration 800 such that in the 
event a self-positioning transceiver T is lost or experiences a malfunction, one or 



n l 



m 

^ more of the extra self-positioning transceivers T can step in to replace the problem 

2 . 

1 5 self-positioning transceiver T. 

In addition, while a generally spherical configuration 800 has been described, 
it should be noted that alternative forms of scanning configurations are also 
considered to be within the scope of the invention. In addition, alternative methods of 
creating spherical or other scanning configurations are also considered to be within 



20 the spirit of the invention. 



Referring to FIG. 10, a rrfethod 1000 of creating a communication link 
between a source device 102 and a destination device 104 via the self-positioning 
wireless transceiver system 100 is shown. Examples of positions of the self- 
positioning transceivers at various stages of the method 1000 are illustrated in FIG. 
25 11. The described method 1000 may be used to maintain a weakening 
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communication link between a source device 102, such as cellular telephone, and a 
wireless cellular communication system via a destination device 104, such as a BTS, 
as the cellular telephone is moving out of range of the wireless cellular 
communication system (shown in FIG. 11a). 

The method 1000 begins at step 1002 with an assessment of whether the 
strength of the signal received by the source device 102 from the destination device 
1 04 is less than a predefined threshold. If the received signal strength is determined 
to be greater than a predetermined threshold, the source device 1 02 continues 
communications with the destination device 104 via the traditional communication 
link at step 1004 and returns to step 1002 thereby conducting a periodic assessment of 
received signal strength from the destination device 104. If the received signal 
strength from the destination device 104 is determined to be less than the predefined 
threshold, the self-positioning wireless transceiver system 100 is deployed at step 

n 

Once the self-positionin/ wireless transceiver system 1 00 has been deployed, 
the lead self-positioning transceiver Tl positions itself within communication range of 
the source device 102 at st^p 1008 and establishes a communication link with the 
source device 102 at step 1010 (shown in FIG. 1 lb). At step 1012, the lead self- 
positioning transceiver Tl determines whether it is within range to receive signals that 
are greater than a^rimary pre-defined threshold from the destination device 104. 
Given the limited lower power transmission capabilities of the self-positioning 
transceiveryTl, the primary pre-defined threshold is generally determined to identify 
when ther lead self-positioning transceiver Tl in within communication range to 
transmit signals received from the source device 102 to the destination device 104. It 
sfrould be noted that alternative methods of detecting when the lead self-positioning 



19 



PATENT 
29505/PF01994NA 

transceiver Tl is within communicatior^ringe to both receive destination device 
signals and transmit signals that^tfe capable of being received by the destination 
device 104 are also consumed to be within the scope of the invention. 

If the lead self-positioning transceiver Tl determines that it is within 
communication range of the destination device 104 to both receive signals from and 
transmit signals to the destination device 104, a sufficiently strengthened 
communication link is established and the method 1000 return to step 1002 to conduct 
periodic assessments of received signal strength from the destination device 104. If 
the lead self-positioning transceiver Tl determines that it is not within communication 
range of the destination device 104 to both receive signals from and transmit signals 
to the destination device 104, at step 1013, the wireless self-positioning transceiver 
system 10 determines whether additional self-positioning transceivers T are available 
to further extend the communication link. At step 1015, if additional self-positioning 
transceivers T are not available, the self-positioning transceivers T within the 
established communication link reposition themselves with respect to neighboring 
self-positioning transceivers T in accordance with a backup pre-defined threshold that 
is lower than the pre-defined primary threshold. The use of the lower pre-defined 
backup threshold permits the establishment of a somewhat weaker communication 
link between the source device 102 and the destination device 104 by "stretching" the 
communicatively coupled self-positioning transceivers T to the limit of their 
individual communication ranges. The self-positioning transceivers T also reposition 
themselves in an attempt to ensure that a somewhat uniform quality of signals are 
exchanged between neighboring self-positioning transceivers T. Of course, if the 
destination device 104 is beyond the "stretched" communication limits of the wireless 
self-positioning transceiver system 10, the communication link between the source 
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device 102 and the destination device 104 will be terminated. In an alternative 
embodiment, the pre-defined primary threshold may be dynamically defined by the 
wireless self-positioning transceiver system 10 based on the number of self- 
positioning transceivers T within the communication link. 
5^£7 If additional self-positioning transceivers T are available, the lead self- 
positioning transceiver issues a request foj/additional self-positioning transceiver 
support at step 1014. At step 1016, a self-positioning transceiver T2 responds to the 
issued request by positioning itself/within communication range of the source device 

JSj 102 and within communicatioiyrange of the self-positioning transceiver Tl having a 

yj 

Jz 10 direct communication link t6 source device 102. The newly positioned self- 
09 positioning transceiver/Iz then establishes a communication link with the source 

f device 102 and witfi the self-positioning transceiver Tl having a direct 

^communicatiojarlink with the source device 102 at step 1018 (shown in FIG. 1 lc). 
q n ^ At step 1020, the lead self-pos#ioning transceiver Tl repositions itself a 

^ 15 predefined incremental distance aWay from the source device 102 and towards the 

destination device 104 in a specific direction based on directional information derived 
from sensed destination device 104 signals. Then at step 1022, each of the individual 
self-positioning transceivers T2 involved in creation of the communication link 
between the source/flevice 102 and the lead self-positioning transceiver Tl, thus far, 
20 reposition themselves with respect to neighboring self-positioning transceivers Tl to 
optimize aggregate communication link quality between the source device 1 02 and 
the leap self-positioning transceiver Tl (shown in FIG. lid). 
jQ" Step 1012 is tWi repeated to determine whether the lead-positioning 

^JT transceiver Tl is wfthin communication range to both receive signals from and 
ir . 25 transmit signals to the destination device 104. If the lead self-positioning transceiver 
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Tl is within communication range of tha^estination device 104, a strengthened 
\^ a » communication link is established between the source device 102 and the destination 
fff device 104 and the method returns to the monitoring step 1002. Otherwise, steps 
1014 through 1022 are repeated and additional self-positioning transceivers T3, T4 
5 added until a sufficiently strengthened communication link is established between the 
source device 102 and tne destination device 104 (shown in FIG. lie). 

Each of the self-positioning transceivers T within an established 
communication link between a source device 102 and a destination device 104 
Q continuously monitors the quality of its communication links to neighboring self- 

10 positioning transceivers T and repositions itself as necessary, to optimize the quality 

2 of signal communicated from the source device 102 to the destination device 104. If 

? y 

s the source device 102 moves in a direction away from the destination device 104, the 

fU length of the communication link is extended and may require the use of additional 

Fx a 

self-positioning transceivers T to maintain a quality communication link between the 
15 source device 102 and the destination device 104. 

Referring to FIG 12, ainethod 1200 of maintaining a quality communication 
-J link between the source device 102 and the destination device 104 as the source 

device 102 moves away relative to the destination device 104, is shown. FIG. 13 
N \j* illustrates the relative positions of the self-positioning transceivers T1-T4, the source 

20 device 102 and the destination device 104 at different steps of the method 1200. The 
method 1200 beams at step 1202 with the self-positioning transceiver T3 having a 
direct communication link to the source device 102 determining whether a received 
signal from/the source device 102 is below a predefined threshold. If the received 
signal ftym the source device 102 is greater than the predefined threshold, the self- 
25 positioning transceiver T3 maintains its position at step 1204 (shown in FIG. 13a). If 
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the received signal is determined td be less than the predefined threshold, at step 
1206, the self-positioning transceiver T3, directly communicatively linked to the 
source device 102, moves with the source device 102 to remain within 
communication range of tWe source device 102 (shown in FIG. 13b). At step 1208, 
the self-positioning transceivers Tl, T2 communicatively linking the destination 
device 104 to the sejrc-positioning transceiver T3, with a direct communication link to 
the source device^ 02, reposition themselves with respect to neighboring self- 
positioning transceivers Tl, T2 in an attempt to optimize the quality of the aggregate 
communication link between the source device 102 and the destination device 104 
(shown/nFIG. 13 c). 

The quality of the signals exchanged via individual communication links by 
neighboring self-positioning transceivers T1-T3 are checked to determine if the 
quality of signals exchanged between neighboring self-positioning transceivers fall 
below a predefined primary threshold at step 1210. If the quality of the exchanged 
signals does not fall below the primary predefined threshold, the self-positioning 
transceivers T1-T3 maintain their new positions at step 1212. If the quality of the 
exchanged signals falls below the primary predefined threshold, at step 1213, the 
wireless self-positioning transceiver system 10 determines whether additional self- 
positioning transceivers T are available to further extend the communication link. At 
step 1215, if additional self-positioning transceivers T are not available, the self- 
positioning transceivers T within the established communication link reposition 
themselves with respect to neighboring self-positioning transceivers T in accordance 
with a pre-defined backup threshold that is lower than the predefined primary 
threshold. The use of the lower pre-defined backup threshold permits the 
establishment of a somewhat weaker communication link between the source device 
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102 and the destination device 104 by "stretching" the communicatively coupled self- 
positioning transceivers T to the limit of their individual communication ranges. The 
self-positioning transceivers T also reposition themselves in an attempt to ensure that 
a somewhat uniform quality of signals are exchanged between neighboring self- 
5 positioning transceivers T. Of course, if the destination device 104 is beyond the 
"stretched" communication limits of the wireless self-positioning transceiver system 
10, the communication link between the source device 102 and the destination device 
104 will be terminated. In an alternative embodiment, the pre-defined primary 
threshold may not be a fixed threshold but be dynamically defined by the wireless 
10 self-positioning transceiver system 10 based on the number of self-positioning 
transceivers T within the communication link. 

If additional self-positioning transceivers T are available, a request is issued 



y. 



for additional self-positioning transceiver support at step 1214. Responsive to the 
issued request, a self-positioning transceiver T4 repositions itself and establishes 
15 communication links with at/east one of the self-positioning transceivers T4 within 
the established communication link at step 1216 (shown in FIG. 13d). The self- 
positioning transceiver/ T1-T4 within the extended communication link reposition 
themselves with respect to each other to optimize the aggregate quality of the signals 
exchanged between the source device 102 and the destination device 104 at step 1208 
20 (shown in FIGl 13e). Steps 1208 through 1216 are repeated until a communication 
link of sufficient quality is established between the source device 102 and the 
destination device 104. 

On the other hand, if fc^ example, the source device 102 moves in a direction 
w towards the destination device 104, the length of the communication link may need to 
25 be contracted to eliminate the use of unnecessary self-positioning transceivers T 



24 



PATENT 
29505/PF01994NA 

within the communication linl^/ Referring to FIG. 14, a method 1400 of 

^ - accommodating the movement of a source device 1 02 towards a destination device 

104 is shown. FIG. ^illustrates the relative positions of the self-positioning 

transceivers T1/T4, the source device 102 and the destination device 104 at different 

5 steps of tj^rnethod 1400. 

At step 1402, the self-positioning tj/ansceiver T4 closest to the source device 

102 determines whether the source device 102 has moved relatively closer to the 

M, destination device 104 based whether/the quality of the source device signal received 

O by the self-positioning transceiver T4 is greater than a predefined threshold. If the 

Jr 1 0 quality of the received source signal is below the predefined quality threshold, the 

■—.sr. J 

21 self-positioning transceivers maintain their individual positions at step 1404 (shown in 

2 / 

i^l FIG. 15a). If the self-positkming transceiver T4 detects a movement of the source 

m device 102 towards the d/estination device 104, at step 1406, all of the self-positioning 

O transceivers T1-T4 within the established communication link reposition themselves 

1 5 with respect to neighboring self-positioning transceivers T1-T4 in an attempt to 
ensure that a somewhat uniform quality of signals are exchanged between 
neighboring self-positioning transceivers T1-T4 (shown in FIG. 15b). The self- 
positioning; transceiver repositioning process generally seeks to optimize the 
aggregate quality of the signals transmitted between the source device 102 and the 
20 destination device 1 04. 

I^-^T The quality of the / $ignals exchanged via individual communication links by 
^■^^ neighboring self-positj<Sning transceivers T1-T4 are checked to determine if the 
quality of signals exchanged between neighboring self-positioning transceivers 
exceeds a predefined threshold at step 1408. If the quality of the exchanged signals 
25 falls below/die predefined threshold, the repositioned self-positioning transceivers Tl- 
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T4 maintain their positions at step 1410. Af however, the quality of the exchanged 
signals exceeds the predefined threshold, at step 141 1, the self-positioning transceiver 
T4 that is directly communicatively/coupled to the source device 1 02 is identified and 
the self-positioning transceiver Tl directly communicatively coupled to the 
previously identified self-positioning transceiver T4 is also identified. A command is 
issued to the identified self-positioning transceiver T3 to establish communicatively 
coupling with the source device 102. If necessary, the self-positioning transceiver T3 
repositions itself closer/to the source device 102 to establish such coupling. A 
command is issued tcf the self-positioning transceiver T4 having a direct 
communication linK to the source device 1 02 to withdraw from the communication 
link at step 1412( At step 1414, the self-positioning transceiver T4, having a direct 
communication link to the source device 102, withdraws from the communication link 
and (shown/in FIG. 15c), and at step 1416, the remaining self-positioning transceivers 
T1-T3 reposition themselves with respect to each other such that each of the self- 
positioning transceivers T1-T3 receives and transmits signals of somewhat uniform 
qualj/y (shown in FIG. 15d). 

In one embodiment of the wireless self-positioning transceiver system 10, 
each individual self-positioning transceiver T within an established communication 
link of a plurality of communicatively coupled self-positioning transceivers T is 
continuously monitoring the quality of its own communication links to neighboring 
self-positioning transceivers T. The wireless self-positioning transceiver system 1 0 
maintains an aggregate communication link quality based on for example, the average 
quality of the communication links between neighboring self-positioning transceivers 
T. If for example, an individual communication link between neighboring self- 
positioning transceivers T falls below the aggregate communication link quality by a 
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pre-defined threshold, the two neighboring self-positioning transceivers T move 
closer together in an attempt to improve their communication link. If on the other 
hand, for example, an individual communication link between neighboring self- 
positioning transceivers T appears to be above the aggregate communication link 
5 quality by a pre-defined threshold, the two self-positioning transceivers T move 
further apart in an attempt to create uniform link quality between neighboring self- 
positioning transceivers T. Data pertaining to the monitoring of individual 
communication links and continuous repositioning is shared by the plurality of self- 
positioning transceivers T within the established communication link. The continuous 
1 0 monitoring of aggregate communication link quality via the monitoring and 

repositioning of individual communication links between neighboring self-positioning 
transceivers T minimizes short term aberrations of communication link quality, 
j V In one embodiment of the invention/ the self-positioning wireless transceiver 



f 



system 100 can detect when the path of tne movement of the source device 102 with 
15 respect to the destination device 104 c/uses the communicatively linked self- 
positioning transceivers T1-T10 to create a crossover configuration, an example of 
which is shown in FIG. 16a. Continuous communications between the self- 
positioning transceivers Tl-TK) permits both the detection and the elimination of the 
crossover configuration. For example, the self-positioning transceivers T2, T3 do not 
20 normally expect to be williin direct communication range of self-positioning 

transceivers T8, T9 wjtfen the self-positioning transceivers T2, T3, T8, T9 are all 
within the same communication link, thereby indicating to the self-positioning 
wireless transceiver system 100 that a crossover configuration has been created. In 
response to the detection of the crossover configuration, the self-positioning wireless 
25 transceiver's ystem 100 reconfigures itself, as shown in FIG. 16b, to create a shorter 



27 



PATENT 
29505/PF01994NA 

v and relatively more efficient communication link comprising a reduced number of 

N <r self-positioning transceivers TX T2, T9, T10. The remaining self-positioning 
transceivers T3-T8 simpj^ remove themselves from the communication link. 

At the conclusion of desired communications between the source device 1 02 
5 and one or more destination devices 104 or the source device 102 or the destination 
device 104 move out of the communication range that can be supported by the self- 
positioning wireless transceiver system 1 00, the self-positioning transceivers T are 
typically retrieved. In one embodiment of the invention, the user simply retraces her 

G path back to where the self-positioning transceivers T were initially deployed and 

l = 

**! 10 manually collects the deployed self-positioning transceivers T. A master device 

m emitting a "homing signal" via the control channel may be used to facilitate the 

n i 

s collection of the deployed self-positioning transceivers T. In such a case each self- 

nj positioning transceiver T may be programmed to announce its presence by, for 

example, emitting an audio signal when it detects the presence of the master device 
^ 15 within a predefined range. In one embodiment, the source device 102 may be 

configured to perform the functions of the master device. In an alternate embodiment, 
the master device may issue a homing signal via the control channel instructing the 
self-positioning transceivers T to return to the location of the master device or perhaps 
to a predefined "home" location. In another embodiment, individual self-positioning 
20 transceivers T may employ detected changes in the signal strength of a homing signal 
to "follow" the homing signal to a "home" location. 

Referring to FIG. 17 a method 1700 of retrieving deployed self-positioning 
^j) transceivers T is described/The method 1 700 begins at step 1 702 with a 



determination of whether the self-positioning transceivers T detected the need to form 
25 a communication lirij/during a predefined period of downtime. If the predetermined 
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period of downtime has not yet elapsec^ the self-positioning transceivers T hold their 
respective positions. If the self-posiiioning transceivers T have not been required to 
form a communication link for tffe predefined period of downtime, the self- 
positioning transceivers T initiate a search to locate a" homing signal" transmitted via 
the control channel at stet/l704. The self-positioning wireless transceiver system 100 
then determines whether the "homing" signal has been detected at step 1706. If the 
"homing signal" is>detected by at least one of the self-positioning transceivers T at 
step 1706, data parameters associated with location and direction of the "homing 
signal" is communicated to the other self-positioning transceivers T at step 1708. At 
step 1710/the self-positioning transceivers T follow the "homing signal" to the 
"home/ location. 

If the "homing signal" cannot be detected, at step 1712, the self-positioning 
transceivers T remain communicatively coupled while widening their search for the 
"homing signal" by repositioning themselves incremental distances away from a 
known location 1712. The self-positioning transceivers T retain a record of data 
parameters associated with the incremental distance movements so that, if necessary, 
the self-positioning transceivers T can retrace their path back to the known location. 
If at least one of the self-positioning transceivers T detect the "homing signal", at step 
1708 the self-positioning transceivers T communicate the "homing signal" data with 
each other and follow the homing signal to the "home" location at step 1710. 

If the self-positioning transceivers are unable to detect the "homing signal" 
within a predefined period of time at step 1714, the "lost" self-positioning 
transceivers issue a help request, recognizable by the master device, on the control 
channel at step 1716. If the master device happens to be within communication range 
of the "lost" self-positioning transceivers T, the master device issues a command 
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instructing the self-positioning transceivers T to remain at the known location pending 
manual retrieval. In an alternate embodiment, the master device may communicate 
instructions to the "lost" self-positioning transceivers T to guide them back "home." 
Qyft^ In an alternative embodiment, wh^n a communication link between a source 
5 device 102 and a destination device 104 is terminated, the plurality of 

communicatively linked self-positioning transceivers T1-T3 can be retrieved by 
"pulling" the communicatively/linked self-positioning transceivers T1-T3 back to the 
location of the source devicp 102. Referring to FIG 18, the method 1800 of retrieving 
deployed self-positioning transceivers T1-T3 by "pulling" them in is shown. FIG. 19 
10 illustrates the relatiWpositions of the self-positioning transceivers T1-T3, the source 
device 102 and the destination device 104 at various stage of the method 1800. 



rA\ 7 

0 The method 1800 begins at step 1 80z with a determination of whether a 



previously established communication lMk between the source device 102 and the 
destination device 104 has been terminated. (The positions of the self-positioning 
15 transceivers T1-T3 creating the conmiunication link between the source device 102 
and the destination device 104 are shown in FIG. 19(a)) If the communication link is 
detected as terminated, a retrieval command is issued to the self-positioning 

transceivers T1-T3 at stet/1804. Upon receiving the retrieval command, at step 1806, 

K • / 

the self-positioning transceivers T1-T3 move closer together with respect to 

20 neighboring self-pjzfeitioning transceivers T1-T3 (shown in FIG. 19(b)) and the source 
device 102 suchr that the self-positioning transceiver T2 adjacent the self-positioning 
transceiver T3 in direct communication with the source device 102 can easily 
establish/ direct communication link with the source device 102. At step 1808, each 
self-pofsitioning transceiver T1-T3 determines if it is in communication with the 

25 source device 102 via a direct communication link. The self-positioning transceiver 
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T2, T3 not in direct communication with the source device 102 maintain their 
positions at step 1810. At step 1812, the seff-positioning transceiver T2 adjacent the 
self-positioning transceiver T3 in direct communication with the source device 102 
establishes a direct communication link with the source device 102 and at step 1814, 
the self-positioning transceiver T3 that was initially in direct communication with the 
source device 102 terminates communicative coupling with the source device 102 and 
is retrieved (shown in FIG. 19(c>). The method 1800 then returns to step 1806 where 
the remaining self-positioningAransceivers Tl, T2 move closer together and the self- 
positioning transceivers T1-/T2 operate to identify the self-positioning transceiver 
with a direct link to the source device at step 1808. Steps 1810-1814 are repeated 
again to retrieve the next self-positioning transceiver T2 (shown in FIG. 19(d)). Steps 
1806-1814 are repeat/d until all of the self-positioning transceivers T are retrieved. 

In an alternative embodiment, the retrieval command 1804 can be issued if the 
self-positioning transceiver T determine that a predefined period of time has elapsed 
without detecting the need to create a communication link. 

Still other modifications and alternative embodiments of the invention will be 
apparent to those skilled in the art in view of the foregoing description. The 
description is to be construed as illustrative only, and is for the purpose of teaching 
those skilled in the art the best mode of carrying out the invention. The details of the 
structure and method may be varied substantially without departing from the spirit of 
the invention, and the exclusive use of all modifications which come within the scope 
of the appended claims is reserved. 
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